Among adults, hypertension has been recognized as an important risk factor for cardiovascular disease for well over 50 years. 1 For every 20 mm Hg increase in systolic blood pressure (BP) or 10 mm Hg increase in diastolic BP, mortality from heart disease and stroke in adults doubles. 2 The first report on pediatric hypertension by the National Heart, Lung, and Blood Institute (NHLBI), published in 1977, declared that, "Detection and management of hypertension in children and the precursors of hypertension in adults are the next major frontier. 3 " The report also recommended annual BP measurement in all children ≥3 years. Unfortunately, nearly 40 years later, the diagnosis of hypertension is missed in the majority of cases, and familiarity with pediatric hypertension among clinicians is extremely poor. [4] [5] [6] Barriers to optimal recognition include not only poor knowledge, but also a failure to abstract National guidelines for the diagnosis and management of hypertension in children have been available for nearly 40 years. Unfortunately, knowledge and recognition of the problem by clinicians remain poor. Prevalence estimates are highly variable because of differing standards, populations, and blood pressure (BP) measurement techniques. Estimates in the United States range from 0.3% to 4.5%. Risk factors for primary hypertension include overweight and obesity, male sex, older age, high sodium intake, and African American or Latino ancestry. Data relating hypertension in childhood to later cardiovascular events is currently lacking. It is known that BP in childhood is highly predictive of BP in adulthood. Compelling data about target organ damage is available, including the association of hypertension with left ventricular hypertrophy, carotid-intima media thickness, and microalbuminuria. Guidelines from both the United States and Europe include detailed recommendations for diagnosis and management. Diagnostic standards are based on clinic readings, ambulatory BP monitoring is useful in confirming diagnosis of hypertension and identifying white-coat hypertension, masked hypertension, and secondary hypertension, as well as monitoring response to therapy. Research priorities include the need for reliable prevalence estimates based on diverse populations and data about the long-term impact of childhood hypertension on cardiovascular morbidity and mortality. Priorities to improve clinical practice include more education among clinicians about diagnosis and management, clinical decision support to aid in diagnosis, and routine use of ambulatory BP monitoring to aid in diagnosis and to monitor response to treatment. synthesize multiple BP readings over time, which is required to make a diagnosis. 4, 6 In 2013, the US Preventive Services Task Force (USPSTF) decided that "the current evidence is insufficient to assess the balance of benefits and harms of screening for primary hypertension in asymptomatic children and adolescents to prevent subsequent cardiovascular disease in childhood or adulthood." 7 This conclusion has been controversial and can be challenged on several grounds, including based on evidence accepted by the USPSTF. The USPSTF acknowledges that childhood BP does, to a significant degree, predict adult BP. It also acknowledges that hypertensive children are at especially high risk for progression of metabolic disorders, including insulin resistance and lipid disturbances. The USPSTF acknowledges that there is some evidence that drugs or lifestyle changes, alone or in combination, are effective in reducing BP. It found no evidence of harm in screening for hypertension in children. In contrast to these findings, which provide support for screening, the USPSTF found no evidence that routine BP measurement in childhood accurately identifies individuals at risk for adult cardiovascular disease. As will be discussed, evidence identifying a potential relationship between childhood hypertension and adult cardiovascular events is emerging. Finally, the USPSTF rejected identifying secondary hypertension as a rationale for screening because secondary hypertension was considered rare. As will be discussed, there is evidence that secondary hypertension is much more common than once thought. Notwithstanding the USPSTF's conclusion about the lack of conclusive evidence of benefit, and consistent with current guideline recommendations, this paper assumes that screening for hypertension is worthwhile and that childhood hypertension is an important and impactful condition.
The purpose of this review is to address 4 broad and important questions: (1) How is hypertension in children defined and diagnosed? (2) What is the epidemiology, including prevalence, risk factors, and etiology of hypertension in children? (3) What is the rationale for identification and treatment of hypertension? (4) What is the latest evidence for pharmacotherapy of hypertension in children? In addition, based on available original papers and established guidelines, this review includes a description of important knowledge gaps and research priorities and recommendations for practice.
DEFINITION AND DIAGNOSIS OF PEDIATRIC HYPERTENSION
Hypertension in adults is defined as persistent systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg. The 140/90 mm Hg standard is supported by outcomes data and therefore serves as a useful criterion standard. 8 Outcomes data, such as cardiovascular morbidity and mortality, are not available for children. Master et al 9 first suggested in 1950 using populationbased normative data to define hypertension in adults. Because BP is approximately normally distributed, they recommended a threshold of systolic and diastolic BP that is 2 SDs above the mean, or roughly the 95th percentile. This is the approach used with children (summarized in 15 WCH is very common, with a prevalence of 30% to 40% among children with high clinic BP readings. 16, 17 WCH is more common among younger children and obese children. It is also more common among children with mildly elevated BP readings, including those with prehypertension. Although, there is some evidence that WCH is not benign, 18 ABPM is useful in reducing overdiagnosis of hypertension. ABPM is also extremely useful in identifying secondary hypertension. Daytime diastolic BP load >25% plus nocturnal systolic load >50% have been shown to have 92% specificity for predicting secondary hypertension. 19 In addition, evidence is emerging that ABPM is more useful than clinic BP in predicting target organ damage. 20, 21 Other uses of ABPM include the detection of masked hypertension (normal clinic pressures but abnormal ABPM) and monitoring BP in conditions, such as diabetes, where tight control is needed. 13 4, 23 -26 Studies from other countries frequently report much higher rates owing at least partly to different populations and standards. Zhang and Wang, 27 for example, report a prevalence in China of "high BP status" (based on a single measurement) among boys and girls of normal weight ages 7 to 17 years of 17.00% and 14.13%, respectively. By contrast, one notable retrospective cohort study by Lo et al 28 based on review of electronic health records (EHRs) of ∼200 000 diverse children in California, Minnesota, and Colorado reported a prevalence of hypertension (based on NHLBI criteria) of just 0.3%. All children were insured, and the index BP measurement for each child was taken at a well-child visit. Of note, the overall prevalence of obesity (14.3%) was significantly lower than national estimates.
EPIDEMIOLOGY AND ETIOLOGY Prevalence
Widely varying estimates of the prevalence of hypertension based on different populations, different standards, and using different techniques are not useful to clinicians who need a reliable estimate of how frequently they are likely to encounter the problem. Kit et al 29 provide an estimate based on analysis of NHANES data from 2011 to 2012, which included a diverse sample of 1665 white, black, Hispanic, and Asian American children ages 8 to 17 years. Three successive readings were taken 30 seconds apart and averaged. This is somewhat different than the NHLBI recommendation for diagnosis of hypertension, in which BP is to be averaged over 3 separate occasions. Therefore, the outcomes included "high BP" (≥95th percentile) and "borderline high BP" (90-95th percentile) rather than hypertension and prehypertension. The prevalence of high BP varied from 1.1% among white to 2.4% among Hispanic children. It is unknown how closely the estimates of high BP would match the prevalence of actual hypertension in the community. Nevertheless, hypertension is unlikely to be a rare problem. There are an estimated 74 million Americans <18 years old. 30 Even a 1% prevalence in this population translates to 740 000 hypertensive children.
Risk Factors
Several risk factors have been associated with pediatric hypertension across many studies from many different settings, among which overweight and obesity are the most consistently documented. The prevalence of hypertension is much higher among overweight and obese children with estimates of 4% to 14% and 11% to 23% respectively. 23, 31 -33 Curiously, based on recent NHANES data analyzed by Kit et al, 29 the prevalence of hypertension was higher among overweight and normal-weight children than obese children. When either high or borderline high BP was considered as an outcome, however, prevalence estimates by Kit et al 29 were consistent with other reports in which overweight and obesity was associated with higher BP. Rosner et al 34 report an increase in the prevalence of high BP (single reading) from the NHANES between 1988 and 1994 and between 1999 and 2008 from 15.8% to 19.2% among boys and from 8.2% to 12.6% among girls. This increase was largely explained by an increase in the prevalence of obesity. In addition, abdominal obesity, measured as increased waist circumference, has been shown in a number of studies to be associated with hypertension, independent of BMI. 35 Additional risk factors for hypertension include dietary salt intake (especially among overweight and obese children), male sex, older age (adolescents vs preadolescents), and ethnicity. 28, 36 Kit et al 29 report a prevalence of high or borderline high BP among Hispanic and non-Hispanic black children of 11.5% and 15.3% respectively, compared with 9.4% among white children. Some reports have also shown a higher prevalence among Asian American than white children. 28 
Etiology
Hypertension can be categorized as primary or secondary. Primary hypertension does not have a clearly identifiable etiology, but rather is related to genetics and lifestyle. Hypertension associated with obesity is usually categorized as primary. Secondary hypertension, by contrast, is caused by a specific disease entity or other factor, including a wide range of renal diseases, pulmonary diseases, and medications. 37 Accurate identification of secondary hypertension is extremely important because many causes are reversible. Secondary hypertension has long been thought to be more common in younger children than in older children and adolescents. 13, 38 Actual data to support this perception, however, is scarce. Gupta-Malhotra et al 39 recently described the etiology of hypertension among 423 children from a pediatric hypertension clinic. Patients were referred immediately for management from primary care or other settings after detection of elevated BP rather than after management in those settings had been unsuccessful. A total of 275 children were diagnosed with hypertension. A total of 156 (57%) had an identifiable secondary cause; 119 (43%) had primary hypertension. Interestingly, 51% of teenagers had a secondary cause. The breakdown of causes is shown in Table 2 . Despite the unavoidable bias in studying a referral-based rather than secondary community-based population, the study represents the most recent and comprehensive data about the prevalence and etiology of secondary hypertension and challenges conventional thinking in 2 ways. Firstly, as a proportion of all pediatric hypertension, secondary hypertension is much more common than was once thought, especially among adolescents, an observation consistent with a study by Flynn et al. 40 Secondly, renal causes have long been thought to be the most common group of secondary causes, a belief supported by the study from GuptaMalhotra et al. 39 Pulmonary causes, such as bronchopulmonary dysplasia, which have received little attention in previous papers, 24, 25 however, were also very common, especially in children <5 years old.
RATIONALE FOR IDENTIFICATION AND TREATMENT

Pediatric Hypertension and Intermediate Outcomes
The USPSTF found no randomized trials of the impact of screening for hypertension on future outcomes. 7 In addition, no cohort studies have yet linked pediatric hypertension to adult cardiovascular events. In the absence of hard cardiovascular outcomes, the importance of hypertension until now has been extrapolated on the basis of a number of intermediate outcomes, which, among adults, are unequivocally associated with cardiovascular events. Although this is not ideal, the data on intermediate outcomes is compelling.
The International Childhood Cardiovascular Cohort (I3c) Consortium was initiated in 2002 and consists of 7 large cohorts in the United States, Finland, and Australia, brought together to link childhood cardiovascular risk factors to adults disease. 41 Twelve-thousand cohort members have had measurements of risk factors in both childhood and adulthood. The majority are now in their twenties and thirties. Through publications from the I3c Consortium and a number of related studies, it is clear that pediatric hypertension is predictive of adult BP and has a significant impact on the heart and blood vessels. Key evidence is summarized below: 57 ; a safety and efficacy study of the renin inhibitor aliskiren 58 ; an open-label randomized trial of 3 different dosage regimens of losartan 59 ; and a randomized study of losartan compared with losartan/hydrochlorothiazide, which terminated early without allocation to treatment due to limited availability of enrollment sites. 60 Rather than a review of each individual study from the 4 sources, what follows are general conclusions with an example or summary of supporting evidence. All antihypertensive medication trials were of short duration ranging from 3 to 24 weeks. The quality of trials was highly variable.
Several classes of medication and many agents commonly used in adults have been shown to lower BP Extended workup according to both NHLBI and European Guidelines includes plasma renin (low rennin suggests mineralocorticoid-related disease), renovascular imaging, plasma and urine steroid levels, plasma and urine catecholamines.
TABLE 3
Continued by guest on January 6, 2018 http://pediatrics.aappublications.org/ Downloaded from A wide variety of medications is approved for use in children and has been shown to be effective in lowering BP and to be safe in the short-term. Until more evidence emerges about their long-term impact, no first-line class of agents can be recommended. Rather, the choice of initial agent should be based on availability, clinician familiarity, and patient preferences.
SUMMARY OF CURRENT STATE OF THE FIELD AND GAPS IN KNOWLEDGE
Despite the recognition of its importance 4 decades ago, pediatric hypertension remains underdiagnosed. Many questions are unanswered. What is known is that, based on current NHLBI standards, hypertension is a relatively common 
